Normal nervous system function requires proper assembly of numerous components, including both neurons and glia. Glia were long thought to provide passive trophic support for neurons, but in recent years their active role in regulating various aspects of neuronal function have emerged. For instance, astrocytes, the most abundant glial cell type comprising well over half of the total brain cells in mammals, can secrete a myriad of cues that regulate every stage of synapse development (Chung et al., 2015) . They can also directly control the morphology of dendritic spines (Murai et al., 2003) , postsynaptic structures that make up neuronal receptive endings (NREs), but how glia regulate NRE shape has remained largely unexplored. In this issue of Cell, Singhvi et al. uncover a mechanism by which glia actively control terminal ending shape in a subset of sensory neurons, thereby ensuring proper thermotaxic behavior in worms (Singhvi et al., 2016) .
To identify glia-derived cues that regulate NREs, the authors carried out a genetic screen in C. elegans, which has a simplified and well-characterized nervous system with actin-enriched NREs reminiscent of vertebrate dendritic spines (Shaham, 2015) . The major challenge of disentangling neuron-glia interactions is to distinguish instructive, regulatory roles from permissive, trophic support roles by glial cells. The authors elegantly addressed this issue by focusing on a specialized neuron-glia pair, AFD thermosensory neurons, and AMsh glia, in the amphid sensory organ. Like their mammalian counterparts, AMsh glia ensheathe microvilli NREs of the AFD neuron, but are dispensable for AFD survival. Through candidate and RNAi interference screens, the authors identified worms with defective AFD microvilli shapes and reduced thermosensation that harbored a mutated kcc-3 gene, which encodes a K/Cl co-transporter ( Figure 1) . The authors showed that KCC-3 is expressed by and required in AMsh glia but not AFD neurons for AFD microvilli morphogenesis. Interestingly, KCC-3 proteins localize in a specialized AMsh glia microdomain that surrounds AFD NREs, but not in nearby regions where other sensory NREs are embedded, suggesting specificity in regulation. Importantly, supplying C. elegans culture medium with high levels of KCl restores kcc-3 mutant phenotypes, showing that glial KCC-3 controls NRE morphology by regulating K + and Cl À levels.
How does altered extracellular ion concentrations disrupt NRE microvilli morphology? One possibility is that altered ion concentration substantially changes AFD activity, which in turn reshapes microvilli morphology. Surprisingly, the authors demonstrated that neuronal activity plays little role in sculpting NRE microvilli; mutants with defective cyclic nucleotide gated channels (CNGs), which allow for cation flow across the membrane and is required for AFD activity, have largely unaffected microvilli morphology. In addition, CNG channel mutations do not rescue kcc-3 mutant phenotypes, showing that KCC-3 must regulate NRE microvilli through a separate mechanism.
To determine the mechanism mediating neuronal response to glial KCC-3, the authors took a candidate approach and analyzed several mutants with mutations in receptor guanylyl cyclases (rGCs), a family of cell surface proteins that synthesize cGMP and are critical for C.elegans thermotaxic behavior. They uncovered that several rGCs are expressed by AFD sensory neurons, and that the loss-of-function of only one rGC, gcy-8 (tm949), rescues kcc-3 mutant phenotypes. The authors further demonstrated that GCY-8 activity is critical for AFD NRE shape, since gcy-8 gain-of-function mutation (ns335) elevates intracellular cGMP levels and causes defective NRE microvilli. These results show that GCY-8 is involved in KCC-3-dependent NRE morphogenesis.
Is GCY-8 the direct target of extracellular KCl? Through a series of biochemical, genetic, and behavioral assays, the authors identified a functionally conserved Cl À binding motif in the extracellular domain of GCY-8. They further showed that Cl À ions, but not other anions or K + , strongly inhibit GCY-8 cyclase activity and cGMP production. Additionally, manipulating cGMP levels in AFD sensory neurons through its degradation pathway also leads to microvilli defects. Finally, the authors determined that cGMP acts upon the actin regulator WSP-1 to sculpt and maintain AFD microvilli shape. Taken together, the study beautifully illustrates an entire pathway: AMsh glia surrounding AFD sensory neuron terminals express KCl channels to carefully regulate the local extracellular Cl -concentration, which is a potent inhibitor of rGC-mediated cytoskeleton changes in AFD NREs.
These findings provide new insight into how neurons and glia communicate. Besides providing non-specific trophic support, C. elegans glia present regionally-specific and instructive cues for the morphogenesis and maintenance of sensory NREs. Given the heterogeneity of vertebrate glia (Molofsky et al., 2014) , it is likely that the interactions between vertebrate glia and neurons are far more complex than their worm counterparts and likely mediate diverse functions. In addition, neuron-glia interactions are bi-directional. Glial cells actively regulate neuronal morphology and function, while neurons also reciprocally control glial development and function. For instance, Drosophila neurons secrete FGFs and control morphogenesis of astrocyte-like glial cells (Stork et al., 2014) . In mice, neurons diversify adjacent astrocytes in the adult brain through Shh signaling (Farmer et al., 2016) . The finding that KCC-3 is restricted in an AMsh glial microdomain adjacent only to AFD sensory neuron raises the possibility that neuron-derived cues determine the subcellular localization of glial ligands. Finally, it will be interesting to determine if glial cells in high-order organisms use similar or different mechanisms to carve neuronal morphologies. KCC channels are expressed by mouse and human astrocytes (www.brainrnaseq.org) (Zhang et al., 2016) , and previous studies have shown that Drosophila rGC (Gyc76C) and mouse rGC (Npr2) are required for motor axon pathfinding and sensory axon bifurcation, respectively (Chak and Kolodkin, 2014; Schmidt et al., 2007) . Taken together, future work illustrating complex neuron-glia interactions will help us better understand how the nervous system is functionally assembled. In the absence of KCC-3 channels or in the presence of a gain-of-function mutation in the kinasehomology domain (KHD) of , cGMP levels are elevated, which causes perturbed NRE shapes and defective behaviors.
